To estimate pesticide exposure, urine samples are often needed to analyze pesticide metabolites. However, this is difficult for children wearing diapers because simple and feasible techniques suitable for field collection are not available. The objectives of this study were to test the validity of using cotton gauze pad as a medium for collecting urine samples from young children and to examine the stability of the recoveries for creatinine and pesticide metabolites over 24 h. Urine spiked with a pesticide and four metabolites, 2,4 -dichlorophenoxyacetic acid ( which is mainly eliminated from urine unchanged ) , 3 -phenoxybenzoic acid ( metabolite for synthetic pyrethroids ) , atrazine mercapturate ( metabolite for atrazine ) , malathion dicarboxylic acid ( metabolite for malathion ) , and 2 -isopropyl -4 -methyl -6 -hydroxypyrimidine ( metabolite for diazinon ) was added to the gauze pads and kept in jars at 378C in a water bath. Urine was expressed from the gauze pads immediately and after 1, 2, 4, 8, and 24 h, then analyzed. The recoveries, calculated as the percentage of concentration in expressed urine divided by that of the control urine sample, were within a range of 70 ± 130%. The metabolite and creatinine concentrations did not change with time in either expressed urine samples or controls. The results suggest that cotton gauze pad is a promising candidate for collecting urine samples from young children wearing diapers for studies in which these five urinary pesticide metabolites are to be analyzed. Journal of Exposure Analysis and Environmental Epidemiology ( 2000 ) 10, 703 ± 709.
Introduction
Recent studies have suggested that young children may experience much higher pesticide exposures than adults ( National Research Council, 1993 ) . To investigate exposure sources, pathways, and health consequences, an estimation of total pesticide intake based upon urinary biomarker measurements is often necessary. However, for young children who wear diapers, it is difficult to collect spot urine samples. Therefore, a practical and simple method for field sample collection is needed.
To date, three methods have been developed by pediatric clinicians to collect urine samples from young children for diagnosis or treatment. The first method uses a urine collection bag or similar device that is attached to the skin using adhesive solutions or adhesive tapes ( Perel et al., 1985; Pierro et al., 1993; Kenda and Trebse, 1998; Kenda et al., 1983 ) . This method, however, may create potential problems for use during field studies such as leakage or allergic reactions to the adhesive solutions in some children; therefore, it is not readily accepted by children or their parents (Burke, 1995 ) .
The second method measures analytes from diapers directly ( Ballauff and Manz, 1988; Ahmad et al., 1991; Beeram and Dhanireddy, 1991; Muratore and Dhanireddy, 1993; Cohen et al., 1997 ) . This method is easy to use, but most commercially available diapers nowadays contain a gel that makes extraction of the pesticide metabolites difficult. In addition, one study reported that the diaper material selectively adsorbed creatinine ( Mock, 1992 ) . Creatinine is a substance that is excreted at a relatively constant proportion to the fat -free body mass. Therefore, it is widely used to standardize urinary excretion rate of a given substance and to determine exposure.
The third method utilizes cotton inserts that are placed inside the diaper. Urine is expressed from the insert with a syringe then analyzed ( Roberts and Lucas, 1985; Wong et al., 1993; Fell et al., 1997) . Analysis of the inserts demonstrated that cotton does not change the urinary creatinine concentration nor concentrations of most chemicals used for clinical diagnosis ( Roberts and Lucas, 1985 ) . This method is appealing because the same analytical procedure used for adult urine can be used for urine expressed from the cotton inserts, if sufficient urine samples can be obtained.
To our knowledge, no previous studies have reported the recoveries of pesticide metabolites in urine samples obtained from cotton inserts. This is a concern because cotton inserts may not provide satisfactory recovery for some analytes (Roberts and Lucas, 1985; Smith and Taylor, 1992 ) or maintain stability of the pesticide metabolites. Since urine could remain in cotton inserts for hours before the inserts are collected and extracted, the prolonged contact time might cause some urine constituents to decompose, especially at body temperature. In a study by Ballauff and Manz ( 1988 ) , it was found that the pH values of urine samples expressed after 10 h were lower than those expressed after 1 h, which suggested possible changes of the urinary constituents as time passed.
The objectives of this study were to: (1 ) investigate cotton gauze as a collection material for quantifiable recoveries of creatinine and pesticide metabolites of interest; and ( 2) determine change of pesticide metabolite recoveries over time when collected on cotton gauze.
Methods

Preparation of Spiked Urine Samples
One pesticide and four pesticide metabolites were selected for this study. The pesticides and their metabolites are listed in Table 1 . 2,4-Dichlorphenoxy acid was included because its only metabolites found in human urine are conjugates ( Baselt, 1988) . Two liters of urine was collected from volunteers over a 6 -h period. The urine was screened for endogenous concentrations of the analytes of interest and those urine samples with low or non -detectable concentrations were pooled. The pooled urine was spiked with 100 g each of atrazine mercapturate, 2,4 -dichlorophenoxyacetic acid, 2-isopropyl -4 -methyl -6 -hydroxypyrimidine, and 3 -phenoxybenzoic acid to yield a final concentration of 50 g/ l for each analyte. These concentrations represent the middle range of the calibration curve. The urine was also spiked with 50 g of malathion dicarboxylic acid for a final concentration of 25 g /l. The urine was well mixed for 24 h using a magnetic stirrer under refrigeration to ensure a homogeneous concentration of the five analytes in the urine without degradation.
Cotton Gauze Experiment
Selection of Gauze Since cotton balls do not easily stay in diapers of active toddlers, cotton gauze pad was chosen as the diaper insert. Gauze pads of different sizes were tested for maximum volume retained while worn by a child and maximum volume allowed to be expressed. The 12.7Â22.9 cm 2 Surgipad (Johnson&Johnson, Skillman, NJ, USA ) appeared to perform the best. When saturated, laboratory experiments indicated that a single gauze pad could retain approximately 35 ml of urine. Approximately 20 ml could be expressed and recovered from the saturated gauze using a 60 -ml disposable polypropylene syringe.
Pilot Test of Gauze in Diapers
To evaluate the volume of urine a gauze pad could retain under field conditions, gauze pads were stitched onto the diapers of two 2 -year-old children (a boy and a girl ) for overnight urine collection. The gauze pads were placed at the places where they were likely to be wet ( front for the boy and center for the girl ). Only four corners of the gauze pad were hand-stitched to the diaper so the gauze pad could be easily snipped off using a pair of scissors. The children were followed for several days. The diapers (Huggies Supreme, KimberlyClark Corp., Neenah, WI, USA ) and gauze pads were weighed before they were put on the children and weighed again after an overnight collection. The total volume of urine produced overnight was estimated by the weight difference of the diaper and the gauze pad. In order to recover the urine for analysis, the urine was expressed from the gauze pad using a 60 -ml disposable polypropylene syringe.
Recovery Estimation
To estimate the recovery of each pesticide metabolite from the gauze pad, 35 ml of urine spiked with pesticide metabolites was added to glass jars, each containing a 12.7Â22.9 cm 2 Surgipad. The jars were sealed and kept in a 378C water bath to simulate body temperature. Urine was expressed from the gauze pads immediately and again after 1, 2, 4, 8, and 24 h using 60 ml disposable syringes. Samples were generated in triplicates. At each time interval, gauze pads were expressed into two sets of vials Ð one to contain 15 ml and the other to contain 5 ml. The 15 -ml urine samples were used to determine the concentrations of the spiked pesticide metabolites and the 5-ml urine samples were used to determine creatinine concentrations. Two sets of controls, which consisted of spiked urine with no gauze pad, were also prepared and kept in the same 378C water bath. The controls were treated the same as the expressed 
Sample Analysis
The pesticide metabolite concentrations in the expressed urine samples were determined using the method of Beeson et al. (1999 ) . Briefly, a 10 -ml aliquot of urine was spiked with stable isotope -labeled analogs of each of the pesticide metabolites, a technique known as isotope dilution which automatically corrects for extraction recovery and losses in evaporation for each individual sample. The urine samples were treated with B -glucuronidase/ sulfatase for 17 h at 378C to liberate metabolites as their respective glucuronide or sulfate ester. The urine was extracted twice with a dichloromethane:diethyl ether mixture and the extracts were concentrated to approximately 50 l. Ten microliters of the concentrated extract was analyzed using isotope dilution on a Finnigan TSQ -7000 triple quadruple mass spectrometer (Finnigan MAT, San Jose, CA ) equipped with an atmospheric pressure chemical ionization interface and interfaced to a highpressure liquid chromatograph. The resultant data were quantified using an internal standard calibration method based upon selected mass /charge ratio of the ions characteristic of each metabolite. Urinary creatinine concentrations were determined using the established diagnostic enzymatic method available on Vitros CREA slides ( Ortho Clinical Diagnostics, Raritan, NJ, USA ) . Through a series of enzymatic reactions involving creatinine in 10 l of untreated urine in a multilayered analytical element coated on a polymer support on the slides, a leuko dye was oxidized to form a colored product. Reflectance measurements were made using a Kodak Ektochrome 250 analyzer (Eastman Kodak Co., NJ, USA ) at 3.85 and 5 min after adding the urine. The difference in the two reflectance measurements was directly proportional to the creatinine concentration of the urine.
Statistical Analysis
The statistical analyses were performed using SAS for windows version 6.12 ( SAS Inc., Cary, NC, USA ). Twoway analysis of variance (ANOVA ) with unequal cell sample sizes was performed using SAS PROC GLM procedure. The model used was as follows:
where was the overall mean concentration for a metabolite, i the effect of treatment i ( expressed urine versus control ) , j the effect of block j ( time intervals ) , ij the block ±treatment interaction associated with cell ( i,j), " ijk the error associated with the kth observation in cell ( i,j).
The results were considered statistically significant if the P value was less than 0.05.
Results
Urine Collection Efficiency
The average volume collected overnight by the two 2 -year olds in the pilot study is shown in Table 2 . Male subject A was followed for 7 days, whereas female subject B was followed for 3 days. The average amount of urine expressed from the gauze was about 9 3 ml. Compared to the laboratory experiments where 20 ml of urine could be expressed, the gauze from the pilot study collected less volume inside the diapers. A possible reason for the decreased volume was the absorption of the urine by diaper. Nonetheless, the analytical method used in this study only requires approximately 10 ml of urine samples. To increase the volume, the gauze can be expressed again following addition of water. However, since the metabolite concentrations will be diluted in the eluate, the successive extractants should be kept separate until creatinine concentration is determined to ensure unbiased normalization.
The pilot test also suggested the urine output overnight. The average amount of overnight urine produced by these two children during the testing period was about 124 34 ml. On average, approximately 19% ( 24 ml ) of the urine output was collected into the gauze pads that were put in the diapers. Given the fact that a maximum of 35 ml is needed to saturate the gauze, healthy toddlers should produce enough overnight to wet the gauze under normal circumstances. Table 3 shows the creatinine and metabolite concentrations in the expressed urine samples and controls. Unknown inferences occurred around the peak for malathion dicarboxylic acid for several controls and these data points were excluded. Two -way ANOVA indicated that the cotton gauze pads did not alter the concentrations for 2,4-dichlorophenoxyactic acid, atrazine mercapturate, 2-isopropyl -4 -methyl -6 -hydroxypyrimidine, and creatinine. For 3 -phenoxybenzoic acid, the concentrations were higher in the expressed urine as compared to the controls, whereas the malathion dicarboxylic acid concentrations were consistently lower in the expressed urine as compared to the controls. However, the recoveries were consistent through the time course of 24 h. This indicates that the metabolite concentrations can be quantified after adjusting for recoveries if urine is expressed from the pads and kept frozen within 24 h after voiding.
Recoveries from Spiked Urine
The recoveries for all the analytes were calculated as the percentage of mean analyte concentration in expressed urine samples divided by that of the control. As shown in Table 3 , the recoveries for all the analytes were within an acceptable range of 70 ±130% with one exception, which can be attributed to the unknown interference around the peak of melathion dicarboxylic acid for several controls. Because of the interferences, only one sample was analyzed for this time interval. This made the estimation of the mean less reliable statistically. In general, the relative standard deviations for recoveries, which measure the precision, were within 25% for all the analytes. Figure 1 shows the plots of the metabolite concentrations and creatinine concentrations over the 24 -h time interval. Two -way unbalanced ANOVA indicated that there was no interaction between treatment and time ( all P >0.05 ); time had no significant effect on the metabolite concentrations in expressed urine samples and control samples (P > 0.09) . The results suggest that the concentrations did not increase nor decrease with time in both expressed urine samples and controls. Given the reproducibility of recoveries at different times for all the analytes, the urine metabolites did not decompose in gauze at 378C for at least 24 h.
Decomposition of the Metabolites
Discussion
This study evaluates the feasibility of using cotton gauze pads for the collection of overnight urine samples for pesticide studies from young children who are not toilettrained. Since urine samples can be expressed on site, this method prevents possible further interaction between urinary constituents and the gauze, which might occur when samples are shipped prior to urine expression. Also, the gauze is small enough to be expressed using a disposable syringe, which decreases the field effort. The expressed samples can be easily stored, shipped, and analyzed.
Although the data demonstrated that most of the tested analytes were recovered consistently and with good efficiency, these data verify that recoveries are chemicalspecific. This was previously observed with cotton inserts ( Roberts and Lucas, 1985) . The concentrations of creatinine and metabolites indicated that there were no statistical differences in expressed urine samples and the controls for 2,4 -dichlorophenoxyacetic acid, atrazine mercapturate, 2 -isopropyl -4 -methyl -hydroxypyrimidine, and creatinine. To quantify these metabolites, direct measurement of the expressed urine appears to be appropriate. The concentrations for malathion dicarboxylic acid and 3 -phenoxybenzoic acid, however, were different in the expressed urine samples as compared to the controls. To quantify urinary malathion diacid and 3-phenoxybenzoic acid using the cotton gauze collection method determined here, the concentrations should be adjusted by the recoveries. For chemicals that are not tested here, it is recommended that the recoveries be investigated before using cotton gauze pad as a medium for urine collection.
Recoveries for creatinine and the tested metabolites did not change over a 24-h period at 378C. This is important because under normal field conditions, urine samples cannot be collected immediately after voiding for children who are in diapers. However, it is easy to express and store the urine samples within 24 h after voiding. Consistent recoveries make it possible to quantify pesticide excretion in a given time period in urine samples collected by gauze pads.
In this study, we only tested whether prolonged contact time of gauze pads with urine will change the recoveries at 378C. Other factors that may change the recoveries, such as contact with diaper creams/ointments or skin, were not tested. The use of urine spiked with metabolites may not represent the form or behavior of the metabolites excreted in the urine. Furthermore, the technique of using disposable syringe to express urine on site may pose health risks for field technicians; therefore, a protective procedure is needed. Despite the limitations, the study results suggest that the cotton gauze pad is a promising medium for pesticide studies that require urine samples from children who are in diapers.
